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ABSTRACT 


Candidiasis is an opportunistic infection caused by yeasts of the genus Candida. In recent 
years, there has been a great deal of interest in Candida infections because of the resurgence 
of diseases that weaken the immune system and the widespread use of immunosuppressive 
chemotherapy. The choice of diagnosis method and identification of the Candida species 
at the origin of the infection is essential for better management of patients, because the 
infectious mechanisms and the sensitivity to antifungal agents can vary from one Candida 
species to another. This review provides an overview of the Candida species involved, clinical 
aspects, diagnostic methods, and treatments available against candidiasis encountered in 
human pathology. 
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INTRODUCTION 


ach year, fungal infections affect more than one billion people worldwide, with 

more than 1.6 million deaths (1, 2). Candidiasis accounts for 75 to 88% of these 

infections, and despite therapeutic advances, their incidence continues to in- 
crease with increasing mortality. The clinical spectrum of candidiasis extends from 
superficial diseases such as cutaneous, nail, digestive, and genital candidiasis, to sys- 
temic diseases such as candidemia (3, 4). Yeasts of the genus Candida cause these infec- Corresponding Author: 
tions. Over 200 species of Candida have been listed, and only around 20 are responsible >" 8°uPd2 Tamo 
for human infections. These are generally commensal germs that develop in the skin, — E-mail: 
inside the body, in the mouth, throat, intestines, vagina, without causing problems (5), ¥V@inboucpda@gmail.com 
They express their pathogenic power only in the presence of factors favoring the origin __ Received: April 19, 2020 
of the translation of endogenous commensal to the disease-causing parasite. These Fe a one 
factors can be intrinsic or extrinsic to the host, and we distinguish the medical con- 
dition of the host for overweight, prolonged use of broad-spectrum antibiotic therapy ee es 
and corticosteroids, etc. (6, 7, 8). Immunosuppression remains one of the most preva- ane Clinfeal Features, 
lent risk factors (9). The resurgence of diseases weakening the immune system, such _ Diagnosis and Treatment. Infect 
as AIDS, and immunosuppressive treatments, such as heavy chemotherapy, has led to Pare PIO Sue amir 
a drastic increase in Candida infections, which have become a major cause of mortal- DOI: 10.36519/idem.2020.0006 
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ity and morbidity in hospitals. The disseminated 
forms of the candidiasis can be life-threatening 
with mortality rates of 35-60% among immuno- 
compromised cancer patients, and those exposed 
to multiple treatments, such as broad-spectrum 
antibiotics, chemotherapy, immunosuppressive 
therapy, and antiretroviral therapy (10, 11). On the 
other hand, inappropriate medical practices such 
as misdiagnosis and inadequate medication are 
responsible for the worsening, spread, and persis- 
tence of the infection. 


Several approaches allowing the efficient diagnosis 
of Candida infections are being used today. Conven- 
tional techniques are mainly based on recognizing 
symptoms, direct collection and examination of 
clinical samples, culture and identification of the 
morphological, biochemical, immunological or mo- 
lecular characteristics of the Candida species at the 
origin of the infection. Candida’s infectious strains 
differ widely, both in their ability to cause infection 
and their susceptibility to antifungal agents (12, 
13). The correct identification of Candida species is 
of great importance, as it presents prognostic and 
therapeutical significance, allowing an early and 
appropriate antifungal therapy (14, 15). The sensi 
tivity of Candida species to antifungal agents can 
vary from one phenotype to another. The thera- 
peutic arsenal used in the treatment of candidiasis 
remains limited and is subject to many difficulties, 


HIGHLIGHTS 


¢ Candidiasis represents about 80% of fungal in- 
fections and its prevalence is increasing due to 
the resurgence of diseases that weaken the im- 
mune system and the more widespread use of 
immunosuppressive chemotherapy. 


e For better patient management, the choice of the 
diagnosis method and the identification of the 
Candida species that is responsible for the infec- 
tion are essential, because the infectious mech- 
anisms and the sensitivity to antifungal agents 
can vary from one species to another. 


e The fight against candidiasis is based on the 
adoption of measures to prevent the spread of 
infection and the use of antifungals. 
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including the emergence of microbial multidrug 
resistance (16, 17). The diagnosis and identification 
of the Candida species at the origin of the infection 
and the determination of its sensitivity profile to 
available antifungal agents are therefore essential 
for effective treatment. 


This review provides an overview of the germs in- 
volved in Candida infections, clinical aspects, diag- 
nosis methods, and treatments. 


Candida yeasts 

Candida is opportunistic eukaryotic cosmopolitan 
yeasts belonging to the Ascomycota phylum, the 
Hemiascomycetes class, the Saccharomycetales or- 
der, and the Candidaceae family. These are non-pig- 
mented, non-encapsulated, aerobic or facultative 
anaerobic and single-cell thallus organisms which 
reproduce asexually by budding spores (18). They 
vary in size (3 to 15 pm) and are distinguished from 
other yeasts by the polysaccharide composition of 
their cell wall and their ability to present different 
morphologies. Depending on the environmental 
conditions (pH, temperature, etc.), they can take 
a more elongated and cylindrical shape, called 
pseudomycelium or mycelium (19). Pseudomyce- 
lium development is due to a lack of detachment 
of the bud from the mother cell. That of the germ 
tube and true mycelium, on the other hand, is 
species-dependent and observed only for Candida 
albicans and Candida dubliniensis. Candida is heter- 
otrophic microorganisms that only develop in the 
presence of organic matter. These are endogenous 
or exogenous commensal germs that express their 
pathogenic power in the presence of promoting 
factors. They are responsible for more than 80% of 
yeast infections in humans (20). 


The main Candida species involved in human 
pathology 

The genus Candida includes more than 200 species, 
of which only around twenty are responsible for 
pathological manifestations in humans (21). Table 
1 below presents some Candida species commonly 
isolated in clinical settings and their ecology. 


Virulence factors 
In general, a combination of factors related to the 
host's immunological and physiological status and 
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the yeast itself favor Candida infections. Most often, 
a reduction in host defenses changes the balance 
of commensalism in favor of yeast and leads to 
the switch from colonization to infection. The vir- 
ulence factors contributing to the installation of 
Candida, its maintenance and its proliferation in 
the host can be adhesion of the pathogen to tissues, 
dimorphism, the formation of biofilms, secretion of 
enzymes, regulation of the surrounding pH, meta- 
bolic adaptation and interference with the immune 
system (23). 


Clinical aspects 

Candidiasis is an opportunistic infection caused by 
yeasts of the genus Candida. They represent more 
than 80% of yeast infections, and their frequency 
has increased exponentially in recent years (24). 
Depending on the site of infection, candidiasis can 
be superficial or systemic (22). 


Superficial candidiasis 

The adhesion of Candida to epithelial cells, its mul- 
tiplication, and filamentation capacity are at the 
origin of inflammatory lesions called superficial 
candidiasis. Superficial candidiasis is the most 
common clinical form of Candida infection. They 
can occur in both healthy and immunocompro- 
mised individuals. Depending on the site reached, 
a distinction is made between mucosal candidiasis, 
cutaneous candidiasis, and nail candidiasis (25, 26). 


Mucosal candidiasis 
Mucosal candidiasis is extremely common and 
vastly more common than invasive, systemic can- 
didiasis, although the latter receives far more at- 
tention due to the accompanying mortality. The 
mucosal surfaces affected by candidiasis can be 
the oral mucosa, pharynx, esophagus, intestines, 
urinary system, and vaginal mucosa. Candida infec- 
tions of the mucous membranes are oropharyngeal, 
esophageal, and urogenital candidiasis (25, 26). 


Oropharyngeal candidiasis: It is also called oral can- 
didiasis, oral thrush, moniliasis, Candidal stomatitis, 
or muguet. Oropharyngeal candidiasis manifests 
as creamy white lesions, usually on the tongue or 
inner cheeks. Sometimes it may spread to the roof 
of the mouth, gums or tonsils, or the back of the 
throat. Candida albicans is the most commonly im- 
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Table 1. Candida species commonly isolated in clinical settings and their 


ecology (22) 


Most frequent species Ecology 


Commensal yeast from the digestive, genital 


Less common species Ecology 


C. albicans and respiratory tract mucosa, represents 
more than 75% of yeasts isolated in humans 

C. glabrata Digestive mucosa and urogenital tract 

C. parapsilosis Skin 

C tropicalis Soil, water, digestive tract, urinary and 
respiratory tract 

C. krusei Food (Dairy, Beer) 


C. dubliniensis Birds, digestive tract 


C. guilliermondii Skin 


C. lusitaniae 


Environment, digestive tract of animals 


Food, digestive tract, respiratory and urinary 


C. kefyr ae 
C. lipolytica Animals and plants 
C. ciferrii Onychomycosis 


C. inconspicua Digestive tract, hospital environment 


C. rugosa Water, Food (dairy products) 
C. famata Skin 
C. africana Vagina 


plicated organism in this condition. The prevalence 
of oropharyngeal candidiasis remains very high 
in immunocompromised patients, and three clini- 
cal forms are generally encountered among which 
pseudomembranous, atrophic erythematosus, and 
hyperplastic candidiasis (27). 


Esophageal candidiasis: It is also known as candidal 
esophagitis or monilial esophagitis. It is the most 
common type of infectious esophagitis and man- 
ifests as inflammatory plaques in the esophagus, 
which cause painful dysphagia, heartburn, and 
back pain. In the immunocompromised, lesions 
may spread in the stomach and small intestine (28). 
There are about 20 species of Candida that can cause 
the condition, but Candida albicans usually cause it. 
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Urogenital Candidiasis: Candida albicans is the main 
cause of genital candidiasis. The infection, which 
most often occurs endogenously, is linked to the 
development of the germ already present in the 
genital organ or on the skin (17, 18). We distinguish: 


Candida vulvovaginitis: It is a widespread vaginal in- 
fection that is seen, especially in pregnant women, 
women with an intrauterine device or taking oral 
contraceptives. It is characterized by erythematous 
and edematous lesions, vaginal discharge (leukor- 
rhea) with lumps, and itchy vulva (28). 


Candida balanitis: This is an inflammation of the tip 
of the penis that begins at the balano-prepucial 
fold, and then spreads to the glans and foreskin. It 
is characterized by the formation of erythematous 
plaques of a reddish color, which causes itching 
and more or less intense irritation. It is generally 
due to a lack of hygiene (29). 


Candida cystitis: It is a lesion localized in the pelvis. 
It is accompanied by the formation of a fungal ball, 
an inflammation of the urinary meatus, and ure- 
thritis (17). In most cases, Candida cystitis is associ- 
ated with a urinary catheter. 


Cutaneous and nail candidiasis 

Among these infections, one distinguishes chronic 
mucocutaneous candidiasis, intertrigo, and onych- 
omycosis (30, 31). 


Chronic mucocutaneous candidiasis: This is a genetic 
condition that mainly affects people with an im- 
paired immune response. It is characterized by 
chronic inflammation in the skin, hair, face, scalp, 
and hands. This infection is associated with a de- 
fect in cell-mediated immunity that may be limit- 
ed to Candida antigens or be part of a more general 
immune abnormality. Recent data suggest altera- 
tions in cytokine production in response to Candida 
antigens. These alterations include decreased IL-2 
and y-IFN levels and increased IL-10 levels in some 
studies (30). 


Intertrigo: It is a widespread inflammation affecting 
skin-on-skin contact, such as the groin, armpits, 
under the breasts, and skin folds on the anterior 
torso (panniculus). The main factor in the lesions’ 
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development is the mechanical friction on the skin 
that initially appears as minimal erythema of the 
folds. Lesions mostly develop in the neck, axilla, 
sub-mammary fold, and perineum, while other 
sites may also be involved, including antecubital, 
umbilical, perianal, and interdigital areas as well 
as abdominal folds, eyelids, and the retroauricu- 
lar area. Intertrigo can be complicated by various 
microorganisms, including candida yeasts and fa- 
vored by obesity, humidity, and maceration, as well 
as lack of hygiene (31). 


Onychomycosis: Also known as tinea unguium, 
onychomycosis is a fungal infection of the nail. 
Candida species invade nails previously damaged 
by infection or trauma. Symptoms include white or 
yellow nail discoloration, thickening of the nail, and 
separation of the nail from the nail bed. Onycho- 
mycosis occurs primarily in adults, most commonly 
after 60 years of age. Patients with chronic mucocu- 
taneous candidiasis may also develop a candidal 
infection of the nails (32). 


Systemic candidiasis 

Systemic candidiasis is the most severe manifes- 
tation of Candida infection. They can be the con- 
sequence of exogenous contamination (perfusion, 
surgical intervention, etc.) or be consecutive to 
the passage to the blood and deep organs of yeasts 
that have colonized digestive or genitourinary sites 
(33). Systemic candidiasis corresponds to Candida 
septicemia (candidemia) or a deep candidal focus 
(visceral lesions). Yeasts spread through the blood- 
stream to various organs of the body, adhere to 
tissues, filament and can lead to severe conditions 
such as encephalitis. The organs most often af- 
fected are the heart, the kidneys, the liver, and the 
eye. The mortality rate from systemic candidiasis 
is around 50%. These infections are in 95% of cas- 
es caused by the species Candida albicans, Candida 
glabrata, Candida parapsilosis, Candida tropicalis, and 
Candida krusei (34, 35). 


Factors favoring candidiasis 

The factors favoring candidiasis can be intrinsic or 
extrinsic to the host (6). The intrinsic factors can 
be physiological (newborn, older adult, overweight, 
pregnant, etc.), local (sweating, humidity, mac- 
eration, poor hygiene, irritations, etc.) or related 
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to the patient's pathological condition (diabetes, 
severe malnutrition, immunosuppression espe- 
cially during HIV infection or cancer, etc.) (8, 36). 
Extrinsic factors include prolonged use of corti- 
costeroids, broad-spectrum antibiotic therapy, an- 
tiseptics, dentures, intravenous drug use, surgical 
procedures, organ transplantation, anticancer and 
cytolytic chemotherapy, radiotherapy, the use of 
implanted medical devices such as catheters and 
probes (37, 38). 


Diagnosis 

The diagnosis of candidiasis depends on the infec- 
tion’s location, and it is based on recognizing symp- 
toms and taking clinical samples, direct examina- 
tion, culture and identification of the germs in the 
sample. Serodiagnostics can also be performed. 


Recognition of symptoms and collection of clin- 
ical samples 

The clinical symptoms of Candida infection may 
vary depending on whether the pathogen has colo- 
nized the surface or deep tissue of the body. These 
symptoms may include the following: intestinal 
problems such as diarrhea and constipation, aller- 
gies, eating disorders, rashes, red or purple patches, 
white, flaky substance over affected areas, shed- 
ding of the skin with flakes, cracks in the skin, sore- 
ness, erythema, red and white lesions, endocarditis, 
osteoarticular involvement, and others. Laboratory 
diagnosis of Candida infections begins with careful 
collection of the appropriate clinical sample. The 
collection of the microbiological sample to be ana- 
lyzed depends on the accessibility of the infected 
tissue. In the case of superficial infections, collect- 
ing clinical samples involves rubbing the lesions 
using a sterile swab moistened with sterile distilled 
water, detaching or scraping the membranous le- 
sions using a curette, cutting nail fragments for 
culture, taking powder from the nail bed for direct 
examination, squeezing the erythematous bead 
of the perionyxis and collecting the serum with 
the swab. In the case of an invasive infection, the 
specimens are blood culture and biopsies. However, 
the anatomic site in which the organism is pres- 
ent must be carefully selected and the specimen 
collected in such a manner that it will allow the 
fungus to remain viable in its natural state without 
contamination (39). 
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Examination by direct microscopy 

The direct examination is based on microscopic ob- 
servations aimed at assessing the different fungal 
elements present in the clinical sample taken from 
the patient. For keratinized samples (dander,nails, 
etc.), a portion of the sample is placed on a micro- 
scope slide and clarified by adding a drop of potas- 
sium hydroxide solution (KOH) of concentration be- 
tween 10 and 40% depending on the nature of the 
sample (40). KOH’s role is to digest the skin cells and 
protein debris present in the sample, thus allowing 
the visualization of the blastospores, budding yeast, 
pseudomycelium and mycelium characteristic of 
Candida species. The duration of KOH lightening de- 
pends on the nature of the sample and the concen- 
tration of KOH used. With 10% KOH, the lightening 
duration varies little from 20 minutes to 3 hours 
for dander taken from the skin. For more effective 
ightening, DMSO/KOH mixture can be used. Sub- 
sequently, simple staining of the preparation can 
be carried out to facilitate the observation of the 
various fungal elements. The dyes generally used 
are calcofluor white, Parker’s ink, or the Lactophe- 
nol Cotton Blue (41, 42). These dyes bind to chitin, 
an essential component of the fungal cell wall. For 
body fluids such as blood and clinical samples tak- 
en from the vagina, duodenum and oropharyngeal, 
treatment with a keratinolytic substance such as 
KOH is generally unnecessary. The sample taken 
can be directly observed in the fresh state using 
a saline solution or even be examined in the fixed 
state on a slide., Simple staining or a GRAM stain- 
ing can be performed on a smear to appreciate the 
diversity of fungal elements better in the fixed state. 
The dyes used in the case of a simple coloring can 
be Lactophenol Cotton Blue, Giemsa, or methyl- 
ene blue (39, 42). Tissues biopsies can be stained 
using Gomori’s methenamine silver (GMS) or pe- 
riodic acid-Schiff (PAS) staining. Depending on the 
preparation carried out, an optical microscope or a 
fluorescent microscope can be used to observe the 
fungal structures. Specimens from exudates, spu- 
tum, urine, and cerebrospinal fluid can be viewed 
under a reduced-light brightfield microscope or 
phase-contrast microscope (43). However, the mi- 
croscopic examination serves only as an indication 
of candidiasis without defining the etiology, which 
can be established only by culture (39). 
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Culture of clinical samples 

After taking the sample, the clinical sample is seed- 
ed on a culture medium and incubated under ap- 
propriate conditions. The seeding techniques usu- 
ally used are between streaking, swabbing on agar 
medium or inoculation in broth. The colonies are 
visible after 24 to 48 hours of incubation at a tem- 
perature between 30 and 37°C for most Candida 
species. These microbial colonies will then allow 
the identification of the germ responsible for the 
infection and the determination of its sensitivity 
profile. Not all yeasts have the same growth re- 
quirements regarding the culture media used. Thus, 
basic media allows the growth of undemanding 
yeasts and media enriched with different substanc- 
es allowing the growth of more demanding yeast 
species. These media are generally solid and can 
be differential, selective or not. In medical practice, 
the culture media commonly used for isolation and 
identification of clinical Candida species are Sab- 
ouraud Dextrose Agar (SDA), Potato Dextrose Agar 
(PDA), Fluoroplate candida, Yeast Potato Dextrose 
(YPD) agar, CHROMagar, Corn meal-Tween 80 agar 
and Lee's synthetic medium. Several other types 
of culture medium can be used depending on the 
objectives (44, 45). In the particular case of inva- 
sive candidiasis, a blood culture is recommended 
for diagnosis. Despite technical improvements and 
the use of specific media dedicated to mushrooms, 
the sensitivity of cultures on agar medium remains 
limited, around 50%. Blood culture is generally pos- 
itive in patients with active candidaemia and neg- 
ative in those with deep candidiasis not associated 
with candidaemia. Its sensitivity is around 40% for 
patients with candidaemia resulting from a deep 
infection (46). 


Morphological identification 

At the end of the culture of the clinical sample tak- 
en from the patient, the identification of the germ 
responsible for the infection generally begins with a 
macroscopic observation of the microbial colonies 
obtained. Characteristics (the morphology, size and 
pigmentation of the colonies) are assessed accord- 
ing to the type of medium used for the culture and 
manufacturer's instructions. For example, on chro- 
mogenic media like the CHROMagar medium, the 
colonies of C. albicans are green and consistent. This 
macroscopic observation allows a primary identi- 
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fication or a presumption of the microbial species 
at the origin of the infection. The identification of 
the clinical isolate is confirmed by a variety of ad- 
ditional tests, which begin with microscopic obser- 
vation of the germ’s morphological and structural 
characteristics. The elements most often observed 
are the presence and arrangement of blastoconid- 
ia, pseudohyphae, hyphae, germ tubes, and chla- 
mydospores (47). The blastoconidia, pseudohyphae, 
and hyphae are observable under the microscope 
after achieving a fresh state, sometimes followed 
by a simple coloring. The microscopic description 
of these structures allows us to have a presumptive 
idea of the Candida species during characterization. 
For example, on Corn meal-Tween 80 agar C. albi- 
cans have elongated pseudohyphae with grape-like 
clusters of blastoconidia at the septa (42). Chla- 
mydospores are present at the end of the hyphae 
or their short lateral branches. One of the protocols 
for detecting germ tubes is to seed a colony of clin- 
ical isolate in blastese broth. After 3 hours of incu- 
bation at 37°C, a fresh state is achieved to search 
for characteristic germ tubes. The search for germ 
tubes is generally used for the identification of C. al- 
bicans. Indeed, approximately 95% of C. albicans iso- 
lates produce germ tubes, a property also shared by 
C. dubliniensis. Concerning chlamydospores, these 
structures make it possible in practice to detect 
and differentiate the species C. albicans and C. dub- 
liniensis. The search for chlamydospores is carried 
out on a culture medium poor in nutrients such as 
RAT or PCB media. After culturing the germ at 25°C 
for 24 to 48 hours, large, thick-walled round spores, 
10 to 15 pm in diameter, associated with blasto- 
spores are formed at the terminal or lateral ends of 
the pseudomycelium (48, 49). 


Rapid identification tests 

Rapid identification tests generally use two meth- 
ods of identification, immunological methods, and 
enzymatic methods. Immunological methods are 
based on the principle of agglutination of latex par- 
ticles sensitized by monoclonal antibodies, specif- 
ically recognizing an antigen from the wall of the 
different species. The Bichro-latex albicans test 
thus identifies the C. albicans/C. dubliniensis complex. 
A positive reaction results in the formation of ag- 
glutinates after a few minutes. Enzymatic methods 
rely on detecting specific enzymes or on the ability 
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of yeast to hydrolyze a given substrate. For example, 
the Glabrata RTT test allows the identification of C. 
glabrata and is based on the yeast's ability to hydro- 
lyze trehalose and not maltose (50). 


Biochemical characterization 

The biochemical characterization is mainly based 
on the study of the sugar auxanogram, which in- 
volves assessing the clinical isolate’s ability to 
assimilate or ferment a particular carbohydrate. 
These sugars can be mono or polysaccharides such 
as glucose, lactose, sucrose, xylose, cellobiose. (51). 
In practice, carbohydrate solutions are distinctly 
added to a culture medium devoid of carbon source. 
The clinical isolate is then seeded on the culture 
medium and incubated under defined conditions. 
The growth of the germ testifies to its capacity to 
assimilate the sugar contained in the culture me- 
dium. Another variant of the technique involves in- 
oculating a disc paper with the sugar to be tested 
and then depositing it on a culture medium devoid 
of carbon source and previously sown with clinical 
isolate. The development of the germ on or around 
the disc testifies to its capacity to assimilate sugar. 
The evaluation of the carbohydrate fermentation, 
in general, is based on the detection of products 
from the fermentation pathways. These products 
can be acids or gases excreted in the reaction me- 
dium. These degradation products can be detected 
in the reaction medium using colored indicators in 
the case of acids, observing the turbidity of the re- 
action medium, or using a Durham bell in the case 
of gases. Nowadays, ready-to-use miniaturized 
techniques have been developed, such as, API 20C 
AUX galleries, Fungichrom, Auxacolor, Fungifast. 
These techniques are quick, easy to implement and 
allow the microbial germ to assimilate or ferment 
a wide variety of sugars to be assessed. Following 
biochemical tests, a database can be used to identi- 
fy the clinical isolate according to its carbohydrate 
breakdown profile (52). 


Molecular identification 

Conventional methods for identifying Candida spe- 
cies are based on assimilation, fermentation reac- 
tions, and morphology (53). Since some species of 
Candida present few easily identifiable morphologi- 
cal and biochemical variations, molecular biological 
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techniques have been developed to overcome the 
limitations of phenotypic identification methods. 
For molecular identification, several procedures 
have been proposed to detect and differentiate 
Candida species both by non-DNA-based methods 
and DNA based methods. The non-DNA-based 
methods include, for example, Multi-locus Enzyme 
Electrophoresis, which characterizes fungal enzy- 
matic proteins and assesses their polymorphism 
(54). The DNA based methods include techniques 
ike Electrophoretic Karyotyping, PCR, Nucleic Acid 
Sequence Based Amplification, DNA-microarrays, 
Fluorescent in situ hybridization, MLP typing, etc. 
(54, 55, 56). 


MALDI-TOF MS method 

Matrix-assisted laser desorption ionization-time 
of flight mass spectrometry (MALDI-TOF MS) has 
been recently described as an “ongoing revolution” 
because it allows rapid and accurate identification 
of bacteria and fungi (56). In order to identify a mi 
croorganism, the peaks of the experimental spec 
trum acquired with MALDI-TOF MS are compared 
to signature peaks from reference spectra con 
tained in databases. MALDI-TOF MS allowed rapid 
and accurate identification of microorganisms and 
became an important tool in clinical laboratories. 
Previous experimental studies demonstrated that 
MALDI-TOF MS was less arduous than routine 
identification methods like microscopy and bio- 
chemical tests (57). It was shown to be a reliable, 
fast, and straightforward method compared to con- 
ventional ones that are time-consuming and need 
trained professionals to be interpreted. MALDI-TOF 
MS also provides a promising alternative for the 
study of antifungal resistance (56, 57). 


Serodiagnostic 
The timely diagnosis of invasive candidiasis re- 
mains difficult as the clinical presentation is not 
specific and blood cultures lack sensitivity and need 
a long incubation time (58). Several non-culture ap- 
proaches have been investigated in the search for a 
method to obtain an early diagnosis of invasive can- 
didiasis. These techniques include antigen and an- 
tibody tests, DNA amplification tests, and detecting 
Candida metabolites in blood serum. The antigens 
and antibodies generally sought in the blood cir 
culation include the mannan, 6-(1,3)-D-glucan and 


This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 


97 


Candida Infections 


anti-mannan antibodies. Mannan is a major com- 
ponent of the Candida cell wall, composing up to 7% 
of the cell dry weight, and is one of the main Can- 
dida antigens that circulate during infection. There- 
fore, mannan antigen and anti-mannan antibodies 
are present in patients with invasive candidiasis. 
Another important polysaccharide in the fungal 
wall that can be found in the bloodstream during 
infection is B-(1,3)-D-glucan. Mannan and B-(1,3)-D- 
glucan antigens can be detected in the serum using 
monoclonal anti-Candida antibodies, via techniques 
such as enzyme-linked immunosorbent assay and 
latex agglutination (59). Other antigens like protein 
from Candida blastoconidia and germ tubes can be 
detected in the blood by techniques such as two-di 
mensional electrophoresis or Western blotting. 
There is usually an increase in anti-Candida anti 
bodies like anti-mannan antibodies in the blood 
serum during invasive candidiasis. Methods like 
immunoelectrophoresis and immunofluorescence 
can be used for the detection of these antibodies. 
Concerning Candida metabolites, the D-arabinitol 
is a metabolite of most pathogenic Candida spe- 
cies. Physiological concentrations of D-arabinitol in 
bloodplasma, CSF, and urine are in the range of 0-5 
Mm. The excess arabinitol in sera or urine of pa- 
tients with invasive candidiasis is D-arabinitol. The 
concentration of this metabolite in the blood can 
be determined using gas chromatography or enzy- 
matic analysis (60). Serological assays are used not 
only to detect infection but also to assess the risk of 
infection establishing in order to treat the patient 
without waiting for clinical signs. 


Treatment of candidiasis 

The fight against candidiasis is based on the adop- 
tion of preventive measures aimed at preventing 
the spread of infection and the use of antifungals. 
Historically, amphotericin B has long been used as 
the sole drug against fungal infections and candid- 
iasis in particular. Over time, better knowledge of 
the structure and metabolism of pathogenic fungi 
has made it possible to develop other antifungal 
agents with different targets, and the therapeutic 
offer has gradually diversified (61). Nowadays, com- 
mercially available antifungals are in various dos- 
age forms, and their use depends on the nature and 
location of the infection (Table 2). Thus, skin or gen- 
ital infections are treated with the local application 
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of antifungal agents in the form of creams, oint- 
ments, solutions or ova; however, deep or visceral 
candidiasis is mostly treated with intravenous anti- 
fungals. The antifungal molecules currently used in 
drug design can be grouped into four main groups: 
polyenes, fluoropyrimidines, azoles and echinocan- 
dins (62). 


Polyenes 

Polyenes (nystatin, amphotericin B, natamycin, etc.) 
are amphoteric macrocyclic lactones characterized 
by a lipophilic apolar part having several conjugat- 
ed double bonds and a polar part comprising many 
hydroxyl groups. Their main target is ergosterol, 
the essential component of the yeast plasma mem- 
brane (61). Their binding to ergosterol creates pores 
at the level of the fungal membrane, increasing its 
permeability. Compounds essential to the life of 
yeast (K+ ions, etc.) diffuse out of the cytosol, and 
this leads to the death of the pathogen (63). This af- 
finity for ergosterol is most often the cause of their 
toxicity in humans. Indeed, polyenes such as am- 
photericin B and nystatin have a significant affinity 
for cholesterol, the equivalent in humans of fungal 
ergosterol. Also, polyenes are poorly resorbed am- 
phiphilic molecules, which is causing their toxicity 
(64). 


Fluoropyrimidines 

The only representative of this family used in the 
treatment of candidiasis is 5-fluorocytosine (5-FC), 
a structural analogue of cytosine (62). It is a prod- 
rug that is first converted to 5-fluorouracil (5-FU) 
inside the fungal cell by cytosine deaminase, which 
gives it its fungistatic power. The toxic 5-FU exerts 
its antimetabolic action in two ways. It can first be 
converted into 5-fluorodeoxyuridine monophos- 
phate, which inhibits thymidylate synthetase, an 
enzyme necessary for the synthesis of DNA. It can 
also be converted to 5-fluorouridine triphosphate, a 
compound that incorporates MRNA in place of uri- 
dine, thereby inhibiting protein synthesis (67, 68). 
These molecules are of limited indication because 
they can cause the rapid emergence of resistant 
mutants under monotherapy. It is essential to use 
5-FC in combination to avoid the selection of resist- 
ant mutants. In some patients, it can cause leuko- 
penia, agranulocytosis, cytolysis, or gastric pain (69). 
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Table 2. Some antifungals used in the treatment of invasive and superficial candidiasis (53, 61) 


Disorder 


Drug 


Dosage and administration route 


Invasive candidiasis 


5-fluorocytosine 


100-200 mg/kg per day (Oral or iv.) 


Amphotericin B deoxycholate 


0.7 to 1 mg/kg per day (i.v.) 


Amphotericin B lipid complex 


5 mg/kg per day (i.v.) 


Anidulafungine 


200 mg the first day then 100 mg/day as a curative (i.v.) 


Caspofungine 


70 mg/kg then 50 mg/kg (iv.) 


Fluconazole 


800 mg the first day then 200 to 400 mg/day (Oral or i.v.) 


Itraconazole 


200-1200 mg/day; Oral 


Ketoconazole 


200-400 mg/day (Oral) 


Liposomal amphotericin B 


3 mg/kg per day (i.v.) 


Micafungine 


100-200 mg/day (2-4 mg/kg per day) as curative (i.v.) 


Posaconazole 


400 mg x 2/day as curative (or 200 mg x 4/day) (Oral) 


Voriconazole 


2 x 400 mg (or 2 x 6 mg/kg) on the first day then 2 x 200 mg/day 
(or 2 x 4 mg/kg) (Oral or iv.) 


Chronic mucocutaneous 
candidosis 


Fluconazole 


50-400 mg/day 


Itraconazole 


100-400 mg/day 


Posaconazole 


100-400 mg/day 


Oesophagitis 


Anidulafungin 100 mg/day 
Caspofungin 50 mg/day 

D-AMB 0.5-0.7 mg/kg/day (i.v.) 
Fluconazole 200-400 mg/day 


Itraconazole 


2 x 200 mg/day (oral) 


L-AMB 1-3 mg/kg/day (i.v.) 
Micafungin 150 mg/day 
Voriconazole 400 mg/day 


Oropharyngeal candidosis 
and Laryngitis 


Amphotericin B 


0.5 (to 2.4) g/day (oral) 


Fluconazole 


50-200 mg/day 


Itraconazole 


100-200 mg/day (oral) 


Nystatin 


6 x100,000 units/day (oral) 


Posaconazole 


100 mg/day 


Skin/nails infections 


Fluconazole 


50-200 mg/day 


Itraconazole 


100-200 mg/day 


Vaginal candidosis 


Clotrimazole 


Fluconazole 


150 mg/day 


This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 
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Azoles 

Azole derivatives are the most used antifungals in 
the treatment of candidiasis. They are grouped into 
two subfamilies, imidazoles (ketoconazole, micona- 
zole, etc.) and triazoles (fluconazole, itraconazole, 
etc.). They have a fungistatic action, and their main 
target is the pathway of ergosterol biosynthesis. By 
blocking the expression of the Erg11 gene, which 
codes for 14a-lanosterol demethylase, responsible 
for the transformation of lanosterol into ergosterol, 
azoles cause an accumulation of toxic methyl ster- 
ols and an alteration of the cell membrane of the 
pathogen (70). Despite their clinical efficacy, many 
side effects have been reported following their use. 
These side effects include acute heart failure, neu- 
ropathy, dependent IgE hypersensitivity, digestive 
disorders and inflammatory skin reactions (71, 72). 


Echinocandins 

Echinocandins (caspofungin, micafungin, anidu- 
lafungin, etc.) are synthetic derivatives of lipopep- 
tides. They inhibit B-(1,3)-D-glucan synthetase, the 
enzyme responsible for the synthesis of B-(1,3)-D- 
glucan, one of the structural components involved 
in maintaining the integrity and the rigidity of the 
wall. The weakening of the wall, which results in 
a leak of intracellular material, causes lysis of the 
fungal cell (73). The good tolerance of echinocan- 


dins and their spectrum of action place them the 
first-line treatment of systemic candidiasis (74). 
However, there is increasing resistance of microbial 
strains to these antifungals (75). 


CONCLUSION 


Because of the resurgence of diseases and treat- 
ments weakening the immune system, candidia- 
sis is nowadays a real public health problem and 
regularly mentioned as co-infection in clinical set- 
tings. Several species of Candida are the cause of 
these infections, and Candida albicans remains the 
most involved species. Candida infections can range 
from superficial to systemic, and several diagnostic 
methods have been described. Methods commonly 
used in the identification of clinical isolates include, 
among others, morphological culture tests, differ- 
ential agar media, and biochemical assimilation 
tests. However, for more efficient identification of 
the Candida isolates causing the infection, molec- 
ular or immunological identification techniques 
have been developed. The diagnosis, the identifica- 
tion of the Candida species at the origin of the infec- 
tion, and the choice of the most effective antifungal 
are essential for better patient management. This 
review is a contribution to the management of Can- 
dida infections. 
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